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empirical basis of thertno-chemistry. They have now been
superseded, however, by the excellent experiments of J.
Thomsen and of Berthelot, which embrace almost the
whole domain of chemistry.

Thomsen160 recognises that the principle of Hess is a
deduction from the first law of the dynamical theory of
heat, which he adopts as the basis of his theoretical con-
siderations. He then advances a second principle, accord-
ing to which every simple or complex action, of a purely
chemical nature, is accompanied by the evolution of heat;
and this he endeavours to establish both theoretically and
empirically. The principle in many cases agrees with the
results of experiment, but still exceptions are known. These,
however, can perhaps be otherwise explained. It may there-
fore be asserted that chemical forces, when acting indepen-
dently, always tend to bring about exothermic reactions ;
whilst endothermic reactions are regarded as consequent
upon the action of heat.161

Thomsen has endeavoured, more recently, to determine
from the numbers found empirically the values of the
affinities of carbon, expressed in calories ; and from these
values, to further deduce the heats of formation of many
organic compounds. Here likewise a remarkable agreement
has been observed, but exceptions have to be noted in re-
spect to this matter also. It has already been pointed out
at the proper place162 that considerations of this kind can be
employed in confirming the structure of organic compounds.

Berthelot163 advanced three principles, the first of which
states that the evolution of heat in chemical processes is a
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